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In this research, in order to study the thermoplastic micro-injectiom molding technology, an 
infrared variotherm system was developed and investigated.  A three-dimension ray tracing and 
transient thermal simulation was developed to evaluate the thermal condition of injection mold 
surface with infrared surface rapid heating system. Several types of reflectors were applied to 
study the heating capability of the rapid surface heating system. A commercially available optical 
analysis program, TracePro, was used to simulate the infrared absorption of the mold surface. 
The surface temperature of the mold insert was evaluated by 2D and 3D transient thermal 
analysis with a commercial software, ANSYS. The results from simulation and thermal image 
measurement system agree well. Then, the geometry influence of reflectors for infrared rapid 
surface heating on micro-injection molding was studied. Taguchi method was adopted to find the 
close to optimal reflector geometry for rapid surface heating of micro-injection molding. 
According to the results of the study, the technique and replication of the thermalplastic 
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在此研究中，2D 與 3D 熱分析都被執行來計算模面溫度。輻射量陣列資料數目為
128×128 (有限元素尺寸 = 1.41mm)。在模擬中，分別研究兩個加熱時間所造成模板的溫度
狀態，其為 14 秒與 19 秒(已扣除燈絲約 1 秒的穩定時間)。 
根據模擬模板吸收的能量，對於加熱系統可以找出圓曲線近似最佳的參數。如此，s













的要好。20 秒加熱的模面中央溫度比 15 秒加熱的溫度高 15~20°C。三維暫態模擬的模面中










測量 187.7(0%) 182.5(0%) 143.7(0%) 
2D 模擬 199.94(11.7%) 177.94(-4.9%) 145.92(3.7%)15 秒加熱 
3D 模擬 208.84(20.2%) 189.13(6.3%) 145.06(2.2%)
測量 208.5(0%) 196.4(0%) 157.4(0%) 
2D 模擬 215.96(5.9%) 192.32(-3.6%) 151.37(-8.1%)20 秒加熱 
3D 模擬 224.11(12.4%) 199.66(2.9%) 152.75(-6.2%)








出成型的幾何影響。根據光線追跡的模擬結果，在 30mm×30mm 模具中央有 484 組熱通量
資料。熱通量可定義成 S/N 比，選取較大的 S/N 比為較佳的品質與最小的變異。關於此分











log10/  (1) 
其中因子 yi 是品質特性的值(熱通量) 且 n 是資料的數目。幾何參數分析的流程圖顯示
於圖(二) 首先，實行近似球面鏡的全因子展開模擬以獲得最好的加熱能力。近似球面鏡只
有兩個控制因子，分別是曲率半徑(R)與近似值(s)。控制因子與水準列於表(三)且模擬結果
顯示於表(四)。當曲率半徑 R = 60mm 且近似值 s = 0.95，近似球面鏡有最高的加熱能力。
接著，研究近似球面-圓弧反射鏡的幾何參數影響。在此模擬有四個控制因子與三個水準表
(五)。所使用的 L9 直交表與模擬結果顯示於表(六)。從因子反應表(七)顯示 R2-s1-r1-h3 這
組參數是最佳的因子水準。圓弧面的半徑 r 與近似球面的曲率半徑 R 有最大的影響。最後，
進行一個確認模擬來驗證最佳因子水準。從模擬結果可知(表七)，確認模擬的 S/N 比跟預



















選擇最大 S/N 比的反射鏡 因子反應表與最佳參數確認 
 圖(二) 紅外線加熱反射鏡幾何分析流程圖 
 
表(三) 近似球面反射鏡全因子模擬分析的控制因子與水準 
 近似球面反射鏡曲率半徑 R (mm) 近似球面反射鏡近似值 s 
水準 1 40 0.05 
水準 2 60 0.5 
水準 3 80 0.95 
 
表(四) 近似球面鏡集中燈泡排列在模具中央 30mm×30mm 面積加熱的熱通量與 S/N 比 
反射鏡幾何參數 平均熱通量 (W/m2) 熱通量標準偏差 (W/m2) S/N 比 
R = 40, s = 0.05 287725.4 28032.2 109.062 
R = 40, s = 0.5 278263.5 28903.7 108.749 
R = 40, s = 0.95 270265.0 26900.9 108.503 
R = 60, s = 0.05 304959.8 47642.6 109.324 
R = 60, s = 0.5 307798.4 47385.5 109.42 
R = 60, s = 0.95 308807.5 46087.6 109.475 
R = 80, s = 0.05 279028.1 33351.3 108.709 
R = 80, s = 0.5 280315.5 33074.9 108.756 












Level 1 40 0.05 80 46 
Level 2 60 0.5 130 49 




表(六) 近似球面-圓弧鏡集中燈泡排列在模具中央 30mm×30mm 面積加熱的熱通量與 S/N
比 
L9 直交表 R s r h 平均熱通量 (W/m2) 熱通量標準偏差 (W/m2) S/N 比
1 1 1 1 1 307002.9 35997.8 109.564
2 1 2 2 2 287021.9 31514.6 109.006
3 1 3 3 3 278249.3 26601.4 108.764
4 2 1 2 3 316900.0 45950.4 109.705
5 2 2 3 1 298373.5 32302.2 109.328
6 2 3 1 2 321142.1 45078.3 109.877
7 3 1 3 2 284504.9 30304.2 108.930
8 3 2 1 3 303597.2 39232.1 109.425
9 3 3 2 1 280236.6 31095.8 108.789
平均 S/N 比 = 109.265 
 
表(七) 田口方法模擬的因子反應表與因子反應圖 
S/N 比 R s r h 
Level 1 109.111 109.399 109.622 109.227 
Level 2 109.636 109.253 109.166 109.271 
Level 3 109.048 109.143 109.007 109.298 
Effect 0.588 0.256 0.614 0.07 
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    用。 
八、儘管射出成型的循環時間將被變模溫系統延長，其對於克服微結構充填不全的問題 
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In this research, in order to study the thermoplastic 
micro-injectiom molding technology, an infrared variotherm system 
was developed and investigated. A commercially available optical 
analysis program, TracePro, was used to simulate the infrared 
absorption of the mold surface. The surface temperature of the mold 
insert was evaluated by 2D and 3D transient thermal analysis with a 
commercial software, ANSYS. A low cost and practical infrared rapid 
surface heating system for injection molding was designed and 
investigated. The system was designed to assemble on the mold and a 
control system was used to operate the motion of the lamp holder. 
According to the results of the study, the technique and replication of 
the thermalplastic micro-injection molding can be improved. 
可利用之產業 
及 
可開發之產品 
變溫模具 
技術特點 
使用較小紅外線加熱面積於較大模具表面的可能性。同時，使用紅
外線模仁快速表面加熱也能相當有效地輔助微針陣列結構的射出
成型，其微針尖端的複製性相當高。 
推廣及運用的價值 
紅外線快速表面加熱系統具有接近最佳幾何形狀反射鏡面對
於微射出成型是有潛力的輔助系統。因此，假如需要加熱模
面，此紅外線快速表面加熱系統是相當好的選擇。 
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